Ferrous ferric chloride (FFC ® , Akatsuka Co., Mie, Japan) is a distinct form of aqueous iron composed of a complex of ferrous chloride and ferric chloride that participates in both oxidation and reduction reactions.
, Akatsuka Co., Mie, Japan) is a distinct form of aqueous iron composed of a complex of ferrous chloride and ferric chloride that participates in both oxidation and reduction reactions. 1) FFC elicits specific biological effects on plants 2) and animals [3] [4] [5] [6] [7] such as the stimulation of plant growth 1) and skin cell function. [3] [4] [5] [6] [7] My previous study demonstrated that FFC stimulated the proliferation of cultured keratinocytes, melanoblasts, and melanocytes derived from newborn mice to the same extent (a 2-fold increase).
3) Moreover, FFC stimulated the differentiation of murine keratinocytes and melanocytes. 3, 4) FFC also stimulated the proliferation and differentiation of murine fibroblasts. 6, 7) FFC was also demonstrated to stimulate the proliferation of cultured keratinocytes, melanocytes, and fibroblasts derived from neonatal human foreskin.
5) The proliferation of human keratinocytes, melanocytes, and fibroblasts was stimulated to the same extent (a 2-fold increase).
5) FFC-containing skin lotions (FFC Super Essence Plain ® (FFC Plain) and Moisture ® (FFC Moisture) Types, Akatsuka) were also painted on the dorsal skin of newborn mice and tested for their effects on the proliferation and differentiation of keratinocytes, fibroblasts, and melanocytes as well as on the hair growth. 6) FFC lotions stimulated the proliferation and differentiation of epidermal keratinocytes, dermal fibroblasts, and epidermal and dermal melanocytes in the skin as well as the hair growth. 6) However, the mechanism of the action of FFC on skin cells is largely unknown. For example, it is not known whether FFC acts on skin cells through chemical or physical factors. To answer this question, the author investigated whether FFC can activate skin cells without being added into culture media. The FFC lotions were painted under (1 mm away) the culture dishes or on the top (1-5 cm away) of the covers of the culture dishes (1-5 dishes piled up) and tested for their proliferation-and differentiationstimulating effects on keratinocytes, melanocytes, and fibroblasts in culture from a distance. The FFC lotions were also painted on the covers made of Teflon that is known to inhibit the diffusion of substances, and tested for their effects on mouse keratinocytes and melanocytes cultured in polystyrene dishes. Moreover, lead disks were put between the bottom of Teflon covers and polystyrene culture dishes, and tested for the effects of FFC lotions on the proliferation of mouse melanocytes. Finally, the FFC lotions were put in airtight containers made of polyethylene, and tested for their effects on the proliferation of mouse melanocytes.
MATERIALS AND METHODS
Cell Culture Normal human epidermal keratinocytes (NHEK) derived from primary cultures of neonatal foreskin were purchased from Kurabo (Osaka, Japan). The frozen keratinocytes in primary culture were thawed and plated onto a 35 mm polystyrene culture dish (Becton Dickinson, Bedford, MA, U.S.A.) containing serum-free HuMedia-KG2 (Kurabo), which contained 10 mg/ml insulin, 0.1 ng/ml human recombinant epidermal growth factor (hr-EGF), 0.5 mg/ml hydrocortisone, 0.4% bovine pituitary extract, 50 mg/ml gentamicin sulfate, and 50 ng/ml amphotericin B. NHEK were seeded in the dishes at a density of 3ϫ10 4 cells/35 mm dish (3.12ϫ10 3 cells/cm 2 ) and cultured at 37°C under a 5% CO 2 atmosphere. Secondary NHEK that had been cultured for 5 d and reached near confluent were detached from the dishes by treatment with 0.05% trypsin (Difco, Sparks, MD, U.S.A.) and 0.02% ethylenediaminetetraacetate (Sigma Chemical Co., St. Louis, MO, U.S.A.) in Ca 2ϩ -, Mg 2ϩ -free phosphate-buffered saline at 37°C for 10 min. The cells were collected by centrifugation and seeded at the same density. This procedure was then repeated.
Normal human epidermal melanocytes (NHEM) derived from secondary cultures of neonatal foreskin were also purchased from Kurabo. The frozen melanocytes in the secondary culture were thawed and plated onto 35 mm dish containing serum-free melanocyte-proliferation medium-3 (MDMD3) 8) consisting of Ham's F-10 medium (Gibco, Grand Island, NY, U.S.A.) plus 10 mg/ml insulin (bovine), 0.5 mg/ml bovine serum albumin (BSA, fraction V), 1 mM ethanolamine, 1 mM phosphoethanolamine, 10 nM sodium selenite, 100 mg/ml transferrin, 0.5 mM dibutyryl cAMP (DBcAMP), 100 U/ml penicillin G, 100 mg/ml streptomycin sulfate, 50 mg/ml gentamicin sulfate, and 0.25 mg/ml amphotericin B. All these supplements were purchased from Sigma. Since the proliferation and differentiation of human melanocytes cultured in MDMD3 were limited, endothelin (ET)-1, which possesses mitogenic and melanogenic effects on melanocytes, [9] [10] [11] was supplemented to MDMD3 to proliferate differentiated melanocytes. Melanoblasts and melanocytes were also cultured in serum-free melanoblastproliferation medium-3 (MDMDF3) 8) consisting of MDMD3 plus 2.5 ng/ml hr-basic fibroblast growth factor (hr-bFGF; Invitrogen, Carlsbad, CA, U.S.A.). 8) NHEM were seeded at a density of 5ϫ10 4 (Becton Dickinson) , and maintained at 37°C under a 5% CO 2 atmosphere. Fully differentiated melanocytes (MDMD3ϩET-1) and melanoblasts and melanocytes (MDMDF3) in tertiary culture were cultured for 8 d, and reached near confluent and trypsinized and seeded at the same density. This procedure was then repeated.
Normal human dermal fibroblasts (NHDF) derived from primary cultures of neonatal foreskin were also purchased from Kurabo. The frozen fibroblasts in primary culture were thawed and plated onto 35 mm dishes containing 106S medium (Kurabo) supplemented with 10 ng/ml hr-EGF, 1 mg/ml hydrocortisone, 3 ng/ml hr-bFGF, 10 mg/ml heparin, 2% fetal bovine serum, 100 U/ml penicillin G, 100 mg/ml streptomycin sulfate, 50 mg/ml gentamicin sulfate, and 0.25 mg/ml amphotericin B (106Sϩ medium). Apart from the antibiotics, the medium and supplements were purchased from Kurabo. Human fibroblasts were seeded at a density of 2ϫ10 4 cells/35 mm polystyrene dish (2.08ϫ10 3 cells/cm 2 ) and were cultured at 37°C under a 5% CO 2 atmosphere. Subconfluent secondary fibroblasts were cultured for 5 d, trypsinized, and seeded at the same density. This procedure was then repeated.
Normal mouse primary epidermal keratinocytes and melanoblasts/melanocytes were cultured in a serum-free medium as reported previously. 8) Briefly, disaggregated epidermal cell suspensions of dorsal skin of 0.5-d-old C57BL/ 10JHir mice were pelleted by centrifugation and suspended in Ham's F-10 medium. After centrifugation, cell pellets were resuspended in MDMD 8) consisted of Ham's F-10 plus 10 mg/ml insulin (bovine), 0.5 mg/ml BSA (fraction V), 1 mM ethanolamine, 1 mM phosphoethanolamine, 10 nM sodium selenite, 0.5 mM DBcAMP, 100 U/ml penicillin G, 100 mg/ml streptomycin sulfate, 50 mg/ml gentamicin sulfate, and 0.25 mg/ml amphotericin B or in MDMDF 8) consisted of MDMD supplemented with 2.5 ng/ml hr-bFGF. The same lots of these supplements were used in this study. The cells in the epidermal cell suspension were counted in a hemocytometer chamber and plated onto dishes coated with type I collagen 12) at an initial density of 1ϫ10 6 1) An analysis using ion-exchange chromatography and X-ray diffraction suggested that Fe(II) and Fe(III) formed a dimer. 1) From my previous study on the concentration of FFC suitable for stimulating the proliferation and differentiation of melanocytes in culture, 1 mg/l of FFC seems to be the most preferable concentration (Hirobe, unpublished) . Therefore, this concentration was used in this study.
FFC Plain and Moisture were painted under the 35 mm culture dishes (Fig. 1A, 1 mm away) or on the top of the covers of the 35 mm dishes (Fig. 1B, 1 cm away) . These dishes were then placed inside the 100 mm bacterial dishes (Becton Dickinson) (Figs. 1A, B) . FFC Plain contains FFC water and various kinds of plant-derived moisturizing factors in addition to various kinds of plant extracts containing skin-activating factors. FFC Moisture contains 3 kinds of oils such as rose oil, grape seed oil, and jojoba oil as well as emulsifiers in addition to the ingredients contained in FFC Plain. FFC Plain and Moisture (ca. 2 ml) completely filled the space between the 35 mm dishes and the 100 mm dishes (Fig. 1A) or the space between the covers of the 35 mm dishes and the covers of the 100 mm dishes (Fig. 1B) . FFC Plain and Moisture were protected from drying, because they were sandwiched between the plastic dishes or covers. In some cases, 1 (2 cm away, Fig. 1C ), 2 (3 cm away, Fig. 1D ), 3 (4 cm away, Fig. 1E ), and 4 (5 cm away, Fig. 1F ) dishes were placed between the dish culturing cells and the covers of the 100 mm dishes under which the FFC Plain or Moisture was painted. FFC Plain and Moisture were exchanged to fresh ones at the time of changing culture media. In some cases, FFC Plain and Moisture (ca. 2 ml) were painted on the covers made of Teflon which is known to inhibit the diffusion of substances. 13) To protect from drying, FFC Plain and Moisture were covered with cling film (Fig. 2) . The 35 mm polystyrene dishes that were plated with mouse keratinocytes and melanoblasts/melanocytes were placed between the Teflon covers and the 100 mm bacterial dishes (Fig. 2) . In some cases, lead disks (1 mm in depth) were put between the bottom of Teflon covers and polystyrene culture dishes, and tested for their effects on the action of the FFC lotions.
Ten milliliter solutions of FFC Plain, substances used for preparing FFC such as FeCl 3 
ammonium formate (2 M), and dextrin (0.01%) were also put into airtight containers made of polyethylene (40 mm in diameter and 60 mm in height), and tested for their effects on the proliferation and differentiation of mouse melanocytes. In some cases, MDMD incubated for 2 d at 37°C in the absence of cells with or without putting FFC Plain in airtight polyethylene containers on the top of the covers of the 35 mm dishes. The resultant culture supernatants were collected. Epidermal cell suspensions of 0.5-d-old mice were cultured in MDMD with or without FFC Plain for 2 d from day 4 to day 6. The resultant supernatants were also collected. At the time of culturing epidermal cell suspensions, these conditioned media and fresh MDMD were mixed 1 : 1.
Assays for Proliferation and Differentiation
The number of human keratinocytes, melanocytes, and fibroblasts as well as mouse keratinocytes and melanoblasts/melanocytes per 35 mm dish was determined by phase-contrast microscopy after several days in culture. The calculation was based on the average number of cells from 10 randomly chosen microscopic fields using phase-contrast microscopy. The area covered was 0.581 mm 2 . [3] [4] [5] The size of single keratinocytes and fibroblasts or the size of keratinocytes and fibroblasts from their colonies was used to assess their differentiation. The melanogenesis and dendritogenesis of melanocytes were used to assess melanocyte differentiation. The statistical significance of the differences in the number of skin cells as well as the percentage of melanocytes was determined using Student's t-test (two-tailed) for comparison of groups of equal size.
RESULTS

Effects of FFC on the Proliferation and Differentiation
of Keratinocytes NHEK were attached well to the dishes within 1 d and initiated to proliferate and formed small colonies within 2 d after the initiation of the secondary cul- ture in KG2. After 3 d, the keratinocyte colonies gradually increased in size and number, and by 5 d, the cells were subconfluent (Fig. 3A) . When FFC Plain was painted under the culture dishes (1 mm away) from the initiation of the secondary culture in KG2, larger keratinocyte colonies containing more numerous keratinocytes were observed than in control cultures. Keratinocyte proliferation was greatly stimulated. When the top (1 cm away) of the cover of the culture dishes was painted with FFC Plain (Fig. 3B) or Moisture (Fig. 3C ) from the initiation of the secondary culture in KG2, similar results were obtained. More numerous mitoses in FFCtreated keratinocytes were observed than in control keratinocytes. FFC Plain and Moisture almost doubled the number of keratinocytes in the secondary (Fig. 4A), tertiary (Fig.  4B) , and fourth cultures (Fig. 4C) In keratinocytes treated with FFC Plain and Moisture from a distance of 1 cm, larger keratinocyte colonies with more numerous enlarged keratinocytes were observed, suggesting that the FFC lotions stimulate the differentiation of keratinocytes in addition to their proliferation. There was no difference between FFC Plain and Moisture in the stimulation of keratinocyte proliferation and differentiation.
Effects of FFC on the Proliferation and Differentiation of Melanocytes Human melanoblasts and melanocytes attached well to the dishes within 1 d and initiated to proliferate within 2 d after the initiation of the 3rd culture in MDMDF3. After 4 d, melanocytes gradually increased in number, and by 8 d (Fig. 5A ), they were subconfluent and could be passaged to the 4th culture. When the top of the covers of the dishes was painted with FFC Plain (Fig. 5B) and Moisture, melanoblasts and melanocytes proliferated more greatly than those in control cultures. FFC Plain (Fig.  5B) or Moisture also stimulated the melanogenesis and dendritogenesis of melanocytes, suggesting that the FFC lotions stimulate melanocyte differentiation in addition to melanocyte proliferation. FFC Plain and Moisture almost tripled or doubled the number of melanocytes at the 3rd (Fig.  6C) and 4th (Fig. 6D) cultures. There was no difference between FFC Plain and Moisture in the stimulation of melanocyte proliferation.
Fully-differentiated melanocytes also attached well to dishes within 1 d and initiated to proliferate within 2 d after the initiation of the 3rd culture in MDMD3ϩET-1. After 3 d, the melanocytes gradually increased in number, and at 8 d (Fig. 5C ), they were passaged. When the top of the covers of culture dishes was painted with FFC Plain (Fig. 5D) or Moisture from the initiation of the 3rd culture, fully-differentiated melanocytes proliferated more greatly than those in control cultures. FFC Plain and Moisture almost doubled the number of melanocytes (Fig. 6A) . FFC Plain and Moisture also stimulated the melanogenesis and dendritogenesis of fully-differentiated melanocytes (Fig. 5D) . Similar results were obtained at the 4th (Fig. 6B) culture. There was no difference between FFC Plain and Moisture in the stimulation of melanocyte proliferation and differentiation.
Effects of FFC on the Proliferation and Differentiation of Fibroblasts NHDF attached well to dishes within 1 d and initiated to proliferate within 2 d after the initiation of the secondary culture in 106Sϩ. After 3 d, they markedly increased in number, and by 4 or 5 d, they were subconfluent (Fig. 7A ) and serially subcultured. When the top of the covers of culture dishes was painted with FFC Plain (Fig. 7B) or Moisture (Fig. 7C) , fibroblasts dramatically increased in number. NHDF were almost doubled by treatment with FFC Plain and Moisture (Fig. 8A) . In cultures treated with FFC Plain and Moisture, larger colonies with more numerous enlarged fibroblasts were observed, suggesting that the FFC lotions stimulate fibroblast differentiation in addition to proliferation. Similar results were obtained at the 3rd (Fig. 8B ) and 4th (Fig. 8C) cultures. There was no difference between FFC Plain and Moisture in the stimulation of fibroblast proliferation and differentiation. were painted on the top of the covers made of Teflon, larger keratinocyte colonies with more numerous enlarged keratinocytes were observed. The number of keratinocytes per colony at 2 d doubled (nϭ3; Control, 5.77Ϯ0.26; FFC Plain, 10.07Ϯ0.42; FFC Moisture, 10.33Ϯ1.49; pϽ0.05). Treatment with FFC lotions also doubled the number of melanocytes (Fig. 10A) . Numerous mitotic melanocytes were observed. Moreover, melanocyte differentiation was also stimulated (Fig. 10C) and, in addition, dendritogenesis, cell expansion, and pigmentation were stimulated.
When mouse epidermal cell suspensions were cultured in MDMDF, undifferentiated melanoblasts were observed around keratinocyte colonies within 1 d, and increased in number after 3-4 d. After 14 d, almost all the keratinocytes had died and pure cultures of numerous melanoblasts (ca. 90%) and a small number of melanocytes (ca. 10%) were obtained. When FFC Plain and Moisture were painted on the top of the covers made of Teflon, larger keratinocyte colonies with more numerous enlarged keratinocytes were observed. Treatment with FFC lotions also doubled the number of melanoblasts and melanocytes (Fig. 10B) . Numerous mitotic melanoblasts were observed. Moreover, differentiated melanocytes increased significantly compared with control cultures (Fig. 10D) . There was no difference between FFC Plain and Moisture in the stimulation of melanocyte proliferation and differentiation.
When lead disks were put between the bottom of the Teflon covers and polystyrene culture dishes, the increase in the number of melanocytes as well as in the percentage of melanocytes in the melanoblast-melanocyte population by FFC was completely lost ( Table 1 ). The number of melanocytes and the percentage of melanocytes in this case was not different from those in culture with lead disks in the absence of FFC lotions (Table 1) . These results suggest that the action of the far-reaching factors derived from FFC lotions are completely inhibited by the lead disk.
Effects of the FFC Lotions and Other Substances Put in Airtight Containers on the Proliferation and Differentiation of Melanocytes When FFC Plain was put in airtight polyethylene containers and put on the top of the covers of polystyrene culture disks, the proliferation and differentiation of mouse melanocytes derived from primary culture of epidermal cell suspensions were greatly stimulated (Table 2) . However, FeCl 3 , FeCl 2 , ammonium formate, and dextrin were not effective for stimulating the proliferation and differentiation of mouse melanocytes ( Table 2 ), suggesting that the farreaching factors are derived only from FFC.
Effects of Conditioned Media from FFC-Treated Cultures FFC Plain was put in airtight polyethylene containers and put on the top of the covers of polystyrene culture dishes and incubated in the absence of cells for 2 d. The resultant media were tested for their proliferation-and differentiationstimulating effects on mouse melanocytes. The media affected by FFC failed to stimulate melanocyte proliferation and differentiation (Table 3 ). These results suggest that culture media affected by FFC cannot maintain its proliferationand differentiation-stimulating effects. Mouse keratinocytes produce many growth factors and cytokines which stimulate the proliferation and differentiation of melanocytes. 14) These keratinocyte-derived factors are produced most abundantly in the early stage of primary culture of mouse epidermal cell suspensions, especially from 4 to 6 d in primary culture. 14) Conditioned media from 4 to 6 d treated with FFC Plain put in airtight polyethylene container increased the number of melanocytes as well as the percentage of melanocytes at 7 d in primary culture (Table 4) . These results suggest that FFC-treated keratinocytes produce more growth factors and cytokines than control keratinocytes.
DISCUSSION
In the present study, FFC Plain and Moisture painted on the top (1 cm away) of the covers of the culture dishes stimulated the proliferation and differentiation of skin keratinocytes, melanocytes, and fibroblasts, suggesting that FFC can act on skin cells from a distance. They almost doubled the number of 3 cell types in all serial cultures tested. FFC Plain put into airtight polyethylene containers similarly stimulated the proliferation and differentiation of mouse melanocytes. Moreover, FFC Plain and Moisture painted on the top of the covers made of Teflon that inhibits diffusion of substances could stimulate the proliferation and differentiation of mouse epidermal keratinocytes and melanoblasts/ melanocytes from a distance of 1 cm. However, these remote effects of FFC were not effective for distances greater than 2 cm. Therefore, it is reasonable to think that the proliferation-and differentiation-stimulating effects of FFC can pass 1 cm through polystyrene dishes, Teflon dishes, airtight polyethylene containers, air, and culture media. However, skinactivating effects of FFC were completely lost by lead disks, suggesting that FFC acts on skin cells through physical factors rather than chemical factors.
Although the nature of far-reaching FFC factors is not clear at present, they might be electromagnetic waves, free electrons, low-level ionizing radiations, infrared rays, or ultrasonic waves. In fact, low-level ionizing radiation has been shown to stimulate the cell proliferation, 15) or it may be that free electrons induce reduction reactions in the cells. It is also reported that carbon materials such as graphite and activated charcoal can cause the proliferation of certain bacteria over a distance of several centimeters. 16) This remote effect of carbon is thought to be caused by its activation by external energy, probably of an electromagnetic nature. 17, 18) Carbon materials might transform the external oscillatory pulses or radiation into a signal exerting, far-reaching, proliferationpromoting effects on cells.
18) The most plausible candidate for signals emitted from carbon may be ultrasonic signals. 18) Indeed, weak electromagnetic fields and oscillation were observed to affect proliferation of living cells. 17, 18) It is also known that radiation striking any materials, particularly porous or dark-colored material, can cause acoustic emission. 19) However, the precise physical nature of the far-reaching signals from FFC remains to be investigated in a future study.
FFC Plain and Moisture almost doubled the number of human keratinocytes, melanocytes, and fibroblasts in addition to mouse keratinocytes and melanoblasts/melanocytes in this study. In my previous study, FFC added to culture media also doubled the proliferation rates of human keratinocytes, melanocytes, and fibroblasts. 5) My previous results in addition to the present findings suggest that FFC can stimulate the proliferation of keratinocytes, melanocytes, and fibroblasts in a similar extent (2-fold increase) from culture media or from distance of 1 cm. The proliferation of the 3 cell types that constitute the skin may be equally affected by FFC. The FFC lotions also stimulated the differentiation of keratinocytes, melanocytes, and fibroblasts. Thus, FFC is thought to activate skin function by promoting cell renewal via the stimulation of proliferation and differentiation of skin cells. FFC may be useful for maintaining skin homeostasis.
Mammalian keratinocytes are regulated by numerous factors such as EGF, 20) keratinocyte growth factor (KGF), 21) hydrocortisone, 12) and dexamethasone. 12) Mammalian melanocytes are regulated by ET-1, 9-11) ET-2, 11) ET-3, 11) bFGF, 22) steel factor, 23, 24) leukemia inhibitory factor, 25) granulocyte-macrophage colony stimulating factor, 26, 27) and hepatocyte growth factor. 28, 29) Moreover, mammalian fibroblasts are regulated by bFGF, 30) acidic FGF, 30) transforming growth factor-b 1 , 31) KGF, 31) interleukin (IL)-1a, 31) IL-1b, 31) and platelet-derived growth factor.
32) It should be emphasized that FFC can stimulate the proliferation and differentiation of keratinocytes, melanocytes, and fibroblasts from a distance without adding these growth factors, cytokines, and hormones into culture medium. FFC assumes to stimulate signaling pathways 14, 33, 34) elicited by these factors. Furthermore, FFC appears to stimulate the production and/or secretion of these growth factors, cytokines, and hormones, and accelerates the renewal of 3 cell types that constitute skin followed by the increased turnover of the skin cells.
In my previous study, FFC Plain and Moisture that had been painted on the dorsal skin of newborn C57BL/10JHir mice stimulated the proliferation and differentiation of epidermal keratinocytes, dermal fibroblasts, and epidermal and dermal melanocytes in the skin.
6) The present results that FFC Plain and Moisture stimulated the proliferation and differentiation of human skin keratinocytes, melanocytes, and fibroblasts from a distance of 1 cm suggest that FFC Plain and Moisture can affect skin cells immediately after painting, irrespective of their rate of penetration into deep area of the skin. These far-reaching effects of FFC may be useful for applying FFC to skin cells for protecting external stimuli and for improving abnormal skin conditions. FFC is thought to make skin healthy by promoting the turnover of skin cells through the stimulation of the proliferation and differentiation of skin cells from a distance. Furthermore, the supplement of FFC to cosmetics such as skin cream and lotions which can not quickly penetrate into the skin may be beneficial.
